T wo recently published studies raise serious questions about the effectiveness of the current use of risk-adjusted outcomes comparisons between hospitals in reducing perioperative mortality, morbidity, and costs. 1, 2 In this Perspectives article, we provide historical background, discuss the limitations, and offer a new paradigm for the application of quantitative risk assessment to the care of the surgical patient.
BACKGROUND
Risk assessment is fundamental to the practice of medicine and surgery. Most therapies carry an inherent risk of an adverse outcome. It is the care provider's responsibility to assess this risk relative to the potential benefits of the proposed therapy and convey this information to the patient. It has been implicit knowledge for centuries that the patient's condition (eg, age, comorbidity, etc.) is closely associated with the risk of an adverse outcome. Statistical techniques (eg, multivariable regression analyses) have been used since the 1970s to assess and order risk factors according to predictive power. 3 Beginning in 1987, multivariable models were implemented in 44 Department of Veterans Affairs hospitals performing cardiac surgery to adjust 30-day operative mortality and morbidity for differences in preoperative characteristics to make the use of these outcomes more credible as indicators of quality of care. 4 In 1991, this program was expanded to include noncardiac surgery to meet a Congressional mandate, resulting in what is now termed the Veterans Affairs Surgical Quality Improvement Program (VASQIP). 5 After a successful pilot study in 3 private academic hospitals, Khuri and colleagues collaborated with the American College of Surgeons (ACS) in a larger demonstration project funded by the Agency for Healthcare Research and Quality to apply the Veterans Affairs risk-adjusted quality assessment and improvement model to the private sector in the early 2000s. 6 This led to the successful implementation of the ACS National Surgical Quality Improvement Program (NSQIP), which has grown in 10 years from 37 sites contributing data to 531 sites contributing data on over 760,000 cases for the current Semiannual Report (ACS NSQIP Semiannual Report, July 14, 2015).
The Present Status of Risk-adjusted Outcomes Assessment-Successes and Limitations
Two recent publications 1,2 have raised questions regarding the long-standing belief that implementation of the VASQIP/NSQIP model of using interhospital comparison of risk-adjusted mortality and morbidity leads to improved patient outcomes. 7, 8 These 2 studies 1,2 need to be taken seriously, because they are the first to use contemporary control groups (Medicare 1 and University Health System Consortium 2 data) and analyzed longitudinally using the econometric analytic approach, difference in differences (DD). 9 The paper by Osborne et al also recognizes a limitation in the DD approach-the results may be biased if control and intervention groups differ in ways affecting outcome trends over time-and adjusted for these differences by using propensity score matching. The conclusion is that much of the previously reported associations between the implementation of VASQIP/NSQIP with improved surgical mortality or morbidity 7, 8 are the result of temporal biasthat is, improvement in outcomes over time with or without intervention.
The current system of surgical outcomes evaluation, be it through the VASQIP, ACS NSQIP, Society of Thoracic Surgeons databases, or other such databases, has limitations. 10 We believe a next generation of such surgical outcomes evaluation methods can surmount these limitations (Table 1) ; the following expansion on these concepts can provide direction for the future applications of quantitative assessment of patient risk:
Delay and expense of data collection: the necessary collection of risk and outcomes data is mostly via manual chart abstraction by trained, surgical clinical reviewers after the completion of the episode of care and a 90-day postoperative window. Subsequent risk-adjustment results in a 6-month or longer delay from the episode of care to between-hospital comparisons of risk-adjusted outcomes. The expense of the data collection limits most hospitals to a single surgical clinical reviewer, who can manually abstract about 1600 records/year, a minority of procedures at larger volume hospitals. These costs are probably a significant factor in limiting ACS NSQIP adoption to only 10% to 15% of US acute care hospitals. Limited care provider involvement: although the ACS NSQIP requires the participation of a physician champion, it is likely that involvement by many of the other surgeons at participating hospitals is minimal, whereas other members of the surgical team (eg, anesthesia providers and operating room and intensive care unit nurses) are unlikely to have any involvement, therefore rarely seeing the between-hospital risk-adjusted data comparisons. No patient involvement: in this era of patient-centered care, there is essentially no patient involvement, because of the time lag in data availability.
Changing the Preoperative Evaluation Paradigm
The same risk and outcomes data can be used to quantitatively assess individual patient risk preoperatively. This is likely to be useful for informed consent, shared decision making, preoperative interventions to minimize risk of adverse outcomes, and perioperative planning. However, we are unaware of any comprehensive and sustained programs achieving this, the burden of data collection likely being a major factor. We propose a new paradigm for the preoperative evaluation of the patient: the incorporation of quantitative risk estimates with an emphasis on integrating the patient and family into the process. However, there are several barriers to be overcome to achieve successful implementation of quantitative preoperative risk assessment:
Burden of data collection: expecting the surgical team to enter values for the 21 data items in the current ACS NSQIP universal risk model, 11 or more in other models, is unrealistic in the current era of compressed clinical time. Instead, parsimony of the number of data elements and the number of separate models required to broadly cover surgical procedures should be the goal. Electronic extraction of much of the required data from the electronic health record (EHR) could minimize the burden of data collection during the busy clinic encounter. As described in future articles by our group, we have conducted analyses of the ACS NSQIP Participant Use Files showing little to no decrement in predictive model discrimination or calibration with a reduction in risk (independent) variables from 28 to 8. The ability of a model to discriminate between the occurrence and nonoccurrence of an adverse outcome is commonly measured with the C-index, which can vary between 0.5 (no discrimination) and 1.0 (perfect discrimination). 12 The calibration of a model or goodness-of-fit is a measure of how close the predicted values are to the corresponding observed values. This is often shown as a plot of the expected vs the observed values by decile of risk. These analyses show little or no difference in discrimination or calibration for a parsimonious set of the same 8 risk variables used as the independent variables in 8 risk models varying by dependent variable (eg, mortality, !1 complication or empirically defined clusters of complications) compared to using up to 28 risk variables. This is possible because (1) there is usually redundancy in predictive capability when a risk model contains more than a few variables as shown previously by Dimick et al 13 ;
(2) a generic model encompassing all surgical specialties has similar discrimination and calibration to surgeon specialty-specific models; (3) inclusion of preoperative laboratory values does not add significant improved discrimination or calibration; and (4) we have applied factor analysis to group 18 perioperative complications into 6 data-supported clinically meaningful clusters. Incorporation into the EHR: care providers are now required to use the EHR for patient charting. This provides an ideal opportunity to integrate preoperative assessment and risk estimation into day-to-day patient encounters. Not only does the EHR contain data that could be automatically pulled into risk estimation algorithms, but results could be incorporated into the preoperative note in the EHR for enhanced patient communication and sharing with other responsible care providers. Clinical decision support technology could provide early warning systems identifying patients at high risk of adverse events, facilitating preoperative counseling and intervention aimed at decreasing this risk. Documentation of the results of risk estimation and associated patient counseling could be seamlessly integrated into preoperative clinic notes. Successfully sharing risk information with patients: perhaps the most challenging barrier of such a paradigm shift is how to effectively convey risk information to patients-in part, because there seems to be no consensus. Fortunately, recent work supported by AHRQ has begun to provide guidance. 14 
CONCLUSIONS
We have summarized some of the limitations of current riskadjustment quality assessment and improvement programs and proposed enhancements that should make routine quantitative preoperative risk assessment feasible (Table 1) . However, such a preoperative risk assessment is not intended to replace risk-adjusted outcomes quality improvement programs, because it does not provide for institutional-level outcomes assessment. We expect that quantitative preoperative risk assessment facilitated by parsimony in the required data can be implemented clinically, resulting in reduced data collection costs; expansion of the patient population assessed; and enhanced and patient-centered informed consent. We believe that adopting a new paradigm of real-time, patient-centered outcomes assessment may successfully stand on the shoulders of the current generation of surgical outcomes efforts to effectively reduce surgical morbidity and mortality leading to containment of costs of care.
